Measurements of urinary retinol-binding protein (RBP) and fJ-2glycoprotein-I (fi2G I) provide sensitive indicators of proximal renal tubular malfunction. fJ2G I is very stable in urine but RBP, which is much less stable, has been more extensively studied. We have designed two similar immunoassays allowing measurement of both proteins from one urine dilution. The assays both use widely available commercial standards and permit accurate measurement throughout most of the reference range. We measured both proteins in the urine of 70 healthy adults and 80 healthy children aged between three and 16 years, expressing the results as a ratio to creatinine concentration. Using the 98th centile as the upper reference limit, adults excreted up to 17 j.lg/mmol RBP (median 8) and up to 30 j.lg/mmol fJ2GI (median 15) with no difference between the sexes. Children had different ranges to adults with excretion of up to 22 j.lg/mmol RBP (median 10) and up to 80 j.lg/mmol fi2G I (median 24).
have been standardized using either commercial stabilized plasma or urine protein purified inhouse]·6,7 Commercial standard preparations purified from urine are now available and we have used one of these to determine new reference ranges.
fJ2GI is a plasma protein of around 50 kDa of which approximately 70% circulates in the free form. The remainder is associated with circulating lipoproteins, particularly high-density and very low-density lipoproteins and is therefore also known as apolipoprotein H. 8 It is larger than other recognized low molecular weight protein markers of renal tubular malfunction, but is thought to be readily filtered at the glomerulus because of its positive charge at normal plasma pH. 9 fJ2GI has been less extensively studied but is more stable than RBP, io-iz with little change in measured values in urines down to pH 4 or after 2 years of storage at -20 D c. l In our experience, the measurement of urinary RBP using serum standards has proved difficult, requiring four or five dilutions of each specimen to ens ure that at least two results fall on the appropriate part of the standard curve. Results obtained vary with the initial dilution used. The modified plate format enzyme-linked immunoassay (ELISA) presented here using a commercial urine standard has a wide dynamic range allowing most normal specimens to be measured using one or two dilutions. A similar plate format ELISA for the measurement of f32G I allows both proteins to be measured from one urine dilution. 
MATERIALS

METHODS
Plates were coated by dispensing 100ilL per well of a solution of unconjugated antibody diluted in 50 mM sodium bicarbonate/carbonate buffer, pH 9·6. The outer wells were left empty to reduce bias from edge effects on the plate. RBP antibody was diluted 1/500 whereas that for f32G I was diluted 1/250. The plates were covered Ann cu« Biochem 1998: 35 with plastic film and left overnight on a level surface in a refrigerator. Immediately before use the following morning they were washed twice with phosphate buffered saline, pH 7·4 containing 150 mmol/L sodium chloride and 25 mrnol/L sodium phosphate, to which I mL/L Tween 20 had been added. They were then rinsed with distilled water and tapped dry on absorbent paper.
Urine specimens were diluted 1/10 and 1/20 with assay buffer into microtitre dispensing tubes. Assay buffer was phosphate buffered saline with I % hydrolysed gelatin and 0·07% bovine y-globulin. Standards were prepared in assay buffer from the frozen aliquots and ranged from 1·5 to 60 ugj]: for both proteins. A control urine was prepared in four dilutions with concentrations of approximately 30, 20, 10 and 5 Ilg/L. Specimens and controls could then be used for both assays with the appropriate standard. The Randox control for the RBP assay was diluted to give a concentration of 20 Ilg/L.
One hundred microlitres of diluted sample or standard was dispensed into each well, placing duplicates with rotational symmetry about the diagonal axis as described previously. n This was easily achieved by rotating the plate by 180" when dispensing each column of eight duplicate samples. This format reduces the interassay CV. Plates were covered and left for 2 h on a plate shaker with gentle agitation at room temperature. They were then washed three times and rinsed as before. Conjugated antibody was diluted 1/4000 for RBP and 1/10000 for {J2GI in assay buffer. After dispensing 100ilL into each well the plate was covered and left on the shaker for I h. The plate was then washed four times, rinsed as before and 100ilL indicator solution was dispensed into each well. This consisted of 0·1 gil TMB dissolved in 100mM sodium acetate buffer adjusted to pH 6·2 with citric acid, and containing 1·3 rnmol/L AnalaR grade hydrogen peroxide. After 20 min on the plate shaker the reaction was stopped with 50 ilL of 2·5 M sulphuric acid. Well absorbances were measured at 450 nm with a reference wavelength of 650nm.
HEALTHY CONTROLS
Seventy adults aged 16-66 years (median 37'5) and 80 children aged 3-15 years (median 10-4) provided a random midstream specimen of urine. All were healthy with no personal or family history of renal disease, were not on any medication and were not menstruating. Specimens were refrigerated immediately, aliquoted as soon as possible, usually within 4 h and stored at -80°C.
Specimens which had values of RBP or f32G 1 below the lowest standard were repeated at a dilution of one in five. Lower dilutions were not used because of a matrix effect when using concentrated urine.
ASSAY PERFORMANCE CHARACTERISTICS
The working range of the assays for both proteins was 1·5--40/lg/L. Above that level some specimens did not dilute in parallel with the standard curve partly due to the logistic regression used. The detection limit was 0'5/lg/ L with average blank readings of 0·05 absorbance units. Within assay coefficients of variation (CVs) were from 4% at the mid-range to 7·5% in the lower and higher ranges. Between assay CVs varied from 4% to 10% throughout the standard range.
REFERENCE DATA
Urine protein concentrations were calculated as /lg/L, corrected for creatinine concentration and expressed as /lg/mmol creatinine. Table I summarizes the reference values obtained in adults and children for both RBP and f12G I. The lower reference limits could not be determined as two urines had RBP concentrations of less than the lowest standard. They were assigned a value of 4/lg/mmol for subsequent calculations.
There was no sex difference for the excretion of either protein in either adults or children. There was no correlation of protein excretion with age within the two groups studied but children older than 13 years had values within the adult reference limit. Twenty children (25%) had fJ2G 1 values greater than the adult 98th centile whereas only four (5%) had RBP values outside the adult reference range.
Excretion of RBP correlated poorly with that of fJ2G1. In particular children with higher excretion of RBP did not necessarily have fJ2G1 excretions at the higher end of the reference range. Both children with RBP excretions above 20/lg/mmol had normal urinary levels of fJ2G I, od-microglobulin and albumin and no clinical suggestion of renal problems.
DISCUSSION
We have developed two ELiSAs for fJ2G1 and RBP using commercial reagents which can easily be run simultaneously allowing measurement of both proteins from the same urine dilutions.
With modifications to those previously described':" our assay allows reproducible determination throughout the normal range. Only two urines out of 150 when diluted fivefold had RBP levels of less than the lowest standard. RBP derived from urine does not dilute in parallel to protein derived from plasma so immunoassay based on plasma standards give different urine results depending on the dilution of the specimen being measured. ' We have found that it is essential to have a urine based standard to allow reproducible determination of RBP and we now use one that is available commercially.
Previously we reported an assay for fJ2GI using antibodies produced in-house.P Modification of the original fJ2GI assay allows the same format to be used as for the measurement of RBP, only the antibody concentrations being different. Unfortunately, the only commercial standard available is purified from plasma rather than urine. However, this should not present as great a problem as for RBP since 70% of f32Gl is present in the free form in plasma. In this context it is interesting to note that Polz and Kostner found no difference in the behaviour of free and lipoprotein bound f32G I in immunoassays." Previous work in our own laboratory has shown that urinary f32G I dilutes in parallel with purified serum standard up to a level of around 40 /lg/L, 13 although the exact level depends on the individual urine. The reference range that we derived from RBP in adults is similar to those reported using other ELISA methods.P However, the situation for children is somewhat more confused, with different groups reporting very different ranges even when using the same methods. Gibb et al. 14 derived a reference range for children aged 10-16 that is similar to or slightly lower than most adult reference ranges with an upper limit of IS /lg/mmol and a mean of 4/lg/mmol. Smith et al.,15 on the other hand, reported a reference range for children aged 6 months to 16 years of up to 60/lg/mmol with a mean excretion of IS /lg/mmol. Much of the difference is accounted for by the inclusion of younger children in the second study with children less than 2 years of age having particularly high excretions. Tomlinson et at. reported reference ranges very similar to ours with children excreting up to 24·5/lg/ mmol with a geometric mean of 8.1. 16 The source of RBP standard used was not defined by these groups but as far as we are aware there was no urine-derived commercial standard available at that time.
We found no association of excretion of either protein with age within the group of children studied although we had no samples from children less than 3 years old. Children over the age of 13 had adult patterns of excretion.
Our data show that when excretion of RBP is adjusted for creatinine concentration the upper reference limit (98th centile) in healthy children aged 3-16 years is higher than the limit for adults. Most of the difference in the reference ranges is attributable to a few children having excretion rates higher than adults as the median values are similar (8/lg/mmol for adults and 10 /lg/mmol for children). This is confirmed by the 95th centile values which are the same (17 ug] mmol).
The difference in the reference values of fJ2GI between children and adults is much more marked. Creatinine-corrected results for children show an upper reference value of more than twice the adult value (80 versus 30/lg/mmol) with the median being two-thirds greater (25 versus IS /lg/mmol). The 95th centile values are Ann Clin Biochem 1998: 35 also markedly different (71 versus 26/lg/mmol). The reasons for this must remain speculative but suggest that either the mechanism for reabsorption is different to that for RBP or that glomerular filtration of f32G I is greater in children than adults.
